Introduction
Plutonium production at the Hanford Site created large amounts of low-level liquid waste. This waste was disposed of in cribs, trenches, ditches, and ponds in many operational areas on the Hanford Site. One such area was the 10.4-square-kilometer (4-square-mile) 200 West Area (Figure 1 ). There were more than 80 low-level waste disposal sites in the 200 West Area prior to 1975 (Anderson 1976 . Most of the waste infiltrated the soil column beneath unlined disposal facilities, and some has entered the groundwater.
The exact amount of waste disposed of in the 200 West Area through 1970 is not certain. Relying on the data available, however, it is possible that more than 240 billion liters (63 billion gallons) of waste were discharged to ground (Anderson 1976) . Large amounts of liquid waste were disposed of in fairly short time periods and at relatively small disposal sites. This caused the water table to rise beneath those waste disposal sites that received appreciable amounts of waste, creating mounds on the water table. The mounds disrupted the pre-Hanford Site west-to-east groundwater flow direction as groundwater was forced to flow radially outward from the mounds (downgradient).
Historical water-table maps of the entire Hanford Site created by Kipp and Mudd (1974) demonstrate the effect mounds had on groundwater flow directions. However, these maps show only the effects of exceptionally large waste disposal sites throughout the entire Hanford Site and do not focus on any specific areas within the site. In addition, the older maps were contoured with 3.048-meter (10-foot) intervals and do not show details for specific areas of the Hanford Site. This report presents water-table maps with 1-meter (3.28-foot) intervals focusing on the 200 West Area to depict more accurately the gradient and flow direction in this area between 1950 and 1970. These maps will allow for further interpretation of contaminant distribution, thus contributing to the ongoing cleanup process at the Hanford Site.
Materials and Methods
The new water-table maps were created using historical water-level measurements from various wells in and around the 200 West Area. All water levels used for this study were obtained from the HydroDat database, maintained by PNNL, which contains records of water-level measurements for the Hanford Site from 1949 to the present. Detailed water-table maps of the 200 West Area already exist for post-1970, so this project focused on 1950 through 1970. A series of seven maps was produced to gain a more complete understanding of the rapid changes that occurred in the water table during this 20-year period. Because there were significant changes in the water table during the 1950s, as shown by periodic water level measurements, maps were made at 2-year intervals for the 1950s to document these changes. Post-1960 changes in the water table were less significant and far less rapid so maps were made at 5-year intervals from 1960 to 1970. Data were obtained from HydroDat, and water-table maps prepared, for December 1951 , July 1954 , May 1956 , September 1958 , December 1960 , August 1965 , and May 1970 These dates were chosen based on which month in a given year had the most available data as well as providing the best spatial well coverage of the 200 West Area.
Wells suitable for water-table mapping were chosen based on depth, the length of the screened interval exposed to water, and whether or not they were drilled through the Ringold Formation lower mud unit, which is composed of fine grained particles and creates locally confining conditions. If a well was drilled deep enough to penetrate the lower mud unit and enter the Ringold Formation confined aquifer, the water-level measurements will not be indicative of the actual water table because of pressure differences between the upper, unconfined aquifer and the lower, confined aquifers (Freeze and Cherry 1979) . Also, there may be vertical flow within wells having long screen intervals that can lead to misleading water-table measurements (Elci et al. 2003) . For this reason, wells that were screened over an interval of more than 40 meters (130 feet) were generally not used. A shorter screen interval would have been preferable, but this would have resulted in many more wells being excluded since many older wells have large open intervals. However, measurements from wells that were drilled slightly deeper than desirable were used in areas where no other wells were available. Information about wells, including depth and screened interval length, was obtained from the Hanford Well Information System (maintained by Fluor Hanford, Inc.) which allows access to as-built diagrams and driller's logs for the wells. To identify outlying water-level measurements, hydrographs of each well were created using data from HydroDat (Figure 2 ). Hydrographs show water-level measurement trends through time and allow the viewer to easily identify outlying measurements. Off-trend measurements were removed from the data set. However, measurements that were only slightly off trend were used in areas where no other data were available. Table 1 shows the total number of wells that were used for each map and Figure 3 shows a map of the 200 West Area with locations of all of the wells used for this study. All water-level data used are in Appendix A.
After the data had been thoroughly screened, base maps were created for each of the seven time periods using a Geographic Information System 1 (GIS). The base maps showed water-level elevations at appropriate well locations overlain on a map of the 200 West Area. Contour lines were drawn by hand, with a 1-meter (3.28-foot) contour interval. Linear interpolation defined the approximate location of contour lines; however, strict interpolation sometimes resulted in unexplainable oddities in the water-table map and thus was not always appropriate. Knowledge of waste disposal locations and amounts of waste disposed of provided rough estimates as to how the water table probably looked during specific time frames and was used as a guide when strict linear interpolation failed and contour lines had to be adjusted.
The hand-contoured maps were created as accurately as possible using the data and methods available. The maps were then scanned and a computer program was used to digitize the contours 2 . The X and Y coordinates defining the contours were then converted to Washington State Plane Coordinates and entered into the GIS) which was used to smooth the contours and produce the final maps.
Results
The water -table maps in this report show how the water table beneath Figure 4 show that groundwater was forced to flow in a radial manner away from the center of the groundwater mound in all directions, at some points flowing west directly opposite the pre-Hanford flow direction. This map suggests that the T Pond mound overpowered any influence on the water table from other waste disposal sites that were in use in the 200 West Area prior to 1951.
The series of maps in Figures 4 through 10 show that a large groundwater mound beneath the 216-U-10 Pond (U Pond) in the southwest portion of the area began to form in 1954 and contributed to the enormous effects of the already existent T Pond mound. During the 1950s, the two groundwater mounds merge to become one large, elongated mound with a saddle in the water table between the two ponds (Figures 4 and 5 ). In the mid-1950s, because of the combined influence of the two ponds and the length of the saddle that had been formed, groundwater began to once again flow west to east in the eastern half of the 200 West Area (Figures 5 and 6 ). This was short lived; by 1958 the mound beneath U Pond became the dominate influence on the water table, and the influence from T Pond ceased. This occurred because the discharge volume to T Pond was significantly reduced (Figure 11 ). The maps also reveal that beneath T Pond and U Pond, water levels rose approximately 4 meters (13 feet) and 16 meters (52.5 feet), respectively, between December 1951 and May of 1956 as a result of the waste discharged in these areas. During this time (1951) (1952) (1953) (1954) (1955) (1956) , the U Pond mound grew at a rapid pace, while the T Pond mound had already developed before water levels in the 200 West Area began to be monitored; thus, the two mounds were nearly the same elevation but were growing at different rates during this time frame.
Changes in the appearance of the water table are fairly insignificant between 1960 and 1970. The main change observable in the maps is that the magnitude of the hydraulic gradient east of U Pond becomes smaller with time. However, the water levels continued to rise slightly, reaching nearly 147 meters (482 feet) above mean sea level at the well closest to the pond in May of 1970 (Figure 10 ). In addition, the maps of 1960 , 1965 , and 1970 , and 10) show a slight mound forming near the 216-S-11 pond just south of U Pond.
Discussion and Conclusion
The new series of water-table maps show the major changes that occurred to the water table beneath the 200 West Area of the Hanford Site between 1950 and 1970. Gaps and inconsistencies in the historical water-level measurements for the 200 West Area are possible sources of uncertainty in the water-level interpretations. For instance, Figure 6 shows that in 1958 T Pond had ceased to influence the water table and that U Pond became the dominate influence over the water table. This does not mean that the T Pond mound disappeared from the water table. Figure 11 shows that T Pond was not active between 1957 and 1959; however, 1 or 2 years of inactivity probably would not be enough time for a mound the size of the T Pond mound to completely dissipate. Thus, it is likely a combination of insufficient water-level data around T Pond and the continuing growth of the U Pond mound that suggest that T Pond no longer influences the water table in 1958, rather than the groundwater mound actually disappearing altogether.
The same is true for earlier years ( Figure 4 ) when U Pond was active but the water-table map shows no evidence of influence. The apparent lack of influence from U Pond has not been explained; however, U Pond didn't receive as much waste prior to 1952 as T Pond. Figure 11 shows that T Pond received approximately double the amount of waste that U Pond received, which would make the influence of U Pond secondary to that of T Pond. U Pond had begun to influence the water-table by 1954, at which time the discharges to U Pond were more than double the previous charges to T Pond.
The water-table map of 1951 (Figure 4) shows that the mound beneath T Pond is slightly elongated. This could be a result of the lack of data to the north of the pond or, more likely, a combination of the lack of data and the large amounts of waste that were discharged into the 216-T-32 (27.4 million liters [7.2 million gallons]) and 216-T-7 (110 million liters [26.4 million gallons]) cribs (DOE/RL-91-61), located just to the south of T Pond, prior to 1951 (Anderson 1976 . Considering the size of the mound below T Pond and the location of the two cribs in relation to it, it is very probable that waste from the cribs, upon reaching groundwater, was simply assimilated into the larger mound, elongating the original mound from T Pond southward.
The saddle that formed between T Pond and U Pond (Figures 5 and 6 ) created a change in groundwater flow direction as well. One can see that water would be moving away from the mounds in all directions, as well as into the saddle between the two ponds. There is a point within the saddle where the flow of water divides, with some moving east and some moving west. This point is known as a stagnation point. Figures 5 and 6 show that water is flowing into the saddle and being diverted either east or west as it nears this point of stagnation. The exact location of the stagnation point is not known, thus the groundwater flow direction near the center of the saddle is uncertain.
Between 1960 and 1970 the 216-S-11 pond had a discernable impact on the water table (Figures 8, 9 , and 10). However, the impact was small in comparison to the U Pond mound to the north. This is because the 216-S-11 pond received much less effluent than U Pond. Figures 8, 9 , and 10 should be elongated to the southwest toward the 216-S-16 pond or a saddle may have been present in the water table between these sites, similar to that which occurred between T Pond and U Pond in the 1950s (Figures 5  and 6 ). However, historical water-level data are not available near the 216-S-16 pond, so its influence on the water table cannot be specifically mapped.
Overall the new series of maps provides a detailed history of the impacts that liquid waste disposal had on the groundwater table beneath the 200 West Area. This includes changes in water levels and flow directions as well as the impacts of specific waste disposal sites such as T Pond and U Pond. The information provided by the series of maps can be used in the future to help with interpretation of contaminant sources and clean up of the Hanford Site. The maps can be used determine historic groundwater flow rates and directions. For instance, in December 1951 groundwater flow near T Pond (WMA T) can be estimated at a velocity between 17 and 409 meters per year (56 and 1,340 feet per year) 3 much faster than the current estimated velocity of that area which ranges from 0.3 to 11 meters per year (0.8 to 35 feet per year) (Hartman et al. 2006) . This information could then be used to track specific contaminants as they traveled in the groundwater. The new series of maps will help the U.S. Department of Energy (DOE) meet its goals which include remediation of high-risk waste sites, shrinking the contaminated areas, and remediation of groundwater. 40E+10 1944 1946 1948 1950 1952 1954 1956 1958 1960 1962 1964 1966 1968 1970 Year Volume (Liters)
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